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When separation occurs at the leading edge of a thin acrofoil,
the Reynolds number at separation largely indicates whether & long or
short separation bubbvle is formed. This Reynolds nuuber depends upon

he boundary-layer developneunt, which is governed in turn by such
parameters as the 1ift coefficient and the ratio r/c of %he nose
radius to the aerofoil chord. In this paner calculations have been
carriel out to determine separation conditions, whan these parauneters
are varied, for the RAL 100-104 family ol aerofioils.

e

Hotation
c chord of aerofoeil
t mazilecum thicimess of aerofoil
r leading~edge radius of curvature
CL 1ift coefficient
Um velocity upstream of aerofoil
u local frec-gtrean velocity
Um maxinun value of U

distance from nose of aerofoil, measured along chord

5 distance from nose of aerofoil, measured along surface
y normal Gistance from chord line to surface of aerofoil
St value of ¢ at stagnation point
[ r‘....S'
=0 > 56

R Reynolds number U c/v
v kinematic viscosity of the fluid
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&y displacement thickness of the boundary layer

R61 Us(Si)s/b

1
k R e,
5./
Suffices
m suffix denoting value at position where U = Um
5 suffix denoting value at separation.

1. Introduction

Laminar boundary-layer separation from the leading edge of a
thin aerofoil at incidence is a subject wiich has aroused new interest
during the last {ive years or so. It is round experimentally that the
{low oflen becomes reattached to the surface some distance downstrean,

a "bubble" of separated flow being forned. It has been suggested

(Owen and Klanfer!, 1953) that the length of the bubble depends primarily
on the Reynolds number based on the displacement thickness of the
separating boundary layer. If this Reynolds number R&L is low enough,

the separated flow is stable and at {irst remains laminar. It is only
at some distaiice downstream, when the profile has been sufficiently
distorted, taat instability occurs, followed further downstrean by
transition and reattachment. Such a bubble, termed long, is found to

be of order 10°0; in length, and to have appreciable upstream influence
on the pressure distribution. On the other hand, if Ra, at separation

is great enough, the initial separated flow is unstable, and it becomes
turbulent alrmost at once with imnediate reattachment. The bubble in
this case is termed short, having a length of order 139,

Owen and Klanfer suggested that, if R6 is calculated from
2

the observed pressure distribution, a critical value of between 40O and

500 determines whether a long or short bubble is formed, Crabtree? (1954),
in tests on a different section, later confirmed this result, and

deduced 400 to 450 as the critical range. e further suggested
tentatively that if R61 is calculated from the theoretical pressure

distribution, its critical range is about L50 to 550. This range,
however, is extremely tentative, for an unpublished MN.P.L. experinental
result, for a 105 thick RAD 102 aerofoil, due to Garner and Batson,
indicates a theoretical critical R61 of 375. Further confirmation of

Owen's experimental criterion was given later by Cra’b‘treeLF (1957), in a
paper which indicates that, although there is not a universal value of
R61 for the breakdown of the short bubble, the range of experimental RS{

LO0 < R61 < 450, should cover manv practical cases.

It is clear that the stalling characteristics of a given
section derend considerably upon R8 , and therefore upon the detailed
1

boundary-layer development. Now on a lifting thin aerofoil the velocity
outside the upper-surface boundary layer consists, very crudely, of a
linear region, where the flow accelerates from the stagnation point to a
speed U at a position x_, which is followed by a decelerated region.
from this idea Owen and Klanfer suggest that R61 is a function only

of U_ and x_, which in turn are determined principally by the
oncomlag stream velocity U , the radius of curvature r of the nose,
(o]

the chord ¢ of the model, and the incidence or 1ift. Thus R51 is a
Ue¢
function mainly of R = =2-, r/c and the lift coefficient Cr e
v
The/



The purpose of this paper is to consider systematically the
laminar boundary layers on some aeroioils of the RAE series for a range

of CL. Seven aerofoils are considercd, namely the 10% thick RAE 100-104

and the 6. thick RAE 102 and 104. These arc convenient since the
theoretical pressure distributions have been extensively tabulated.
Furtier, the results for these aerofoils will be particularly useful,
as they arc often tested experimentally,

Details of the computations are given in Section 2.  The
data used, namcly the pressure distributions for thc various aerofoils
and their slopes and ordinates, avpcar in Rels. H=J. Two methods were
used for calculating the boundary-layer developuent, namely the modificd
forrs {(Curle and Skan?, 1957) of the methods of Thwaites1O (1949) and
Stratropdll (1954). The results are described in Scetion 3 and
discusced in Section L.

2. Computaticnal Procedurc

Since various numerical difficulties were cncountered, a detailed
doscrintion of the schoeme of computation will be given.

P

Valucs of the velocity U are known5’o for values of x
measurcl along the chord of the acrofoil. We require values of U at
known velues of s measured along the surfacc of the aerofoil, and
thercfore decternine the values of

<
B )

PX ds
s(x) ::/ {‘1+ - s dx
c ax / J

corrcsponding to the given values_of X, The surfacc slopes dy/dx are
iven for the 10% thick aerofoils (»9; since dy/dx is proportionzl to
thickness, they are also known for the 6,5 thick acrofoils, Since the
slopc is infinite at x = O the process of numerical intcgration
must stavt from & swall positive value of x; values of s very near to,
the leading ed e arc obioirud Trom a knowledge of the lcading-edgc radius-.
Values of 5/c for the range of x/c used in doterrining the scparation
points are given in Table 1.

From a knowlcdge of U as a [unction of s it was possible
to obtain tae cxact position of the stagnation point 5ot by plotting,
. o
or more accurately by numcrical intcrpolation. Values off 5.4 @are

given against O in Tables 2 to 8 for the scven aeroloils investigatcd.

L
Since distences must be ncasurcd along the surfacc of the aerofoil from
the stognation point, we nced valucs of s = 8§ - S ¢ These values
of 5o are of coursc not cvenly spaced, and the estimation of U and
du
' = -~ Tor convenient evenly spaccd values of sp constitutcs the
ds

most uncertoin and laborious part of the calculation,. A general idea
of the procedurc adopted is given here,

The velocity U was first plotted agains S0« Where the
velocity is increasing, the procecdurc was to read off valucs of U since
very great accuracy is not necessary hcre. The nain ditfliculty ariscs
beyond the point of maximum velocity, iu the region wherc separation is
expected bo take place, end whore a taowlcdse of U' is rcguirad.

The curve here is much Flatier, ond it was dccided to use a series of
overlapping quadratic approxisations to determine the values of U at
closely spaccd valucs of s . The interval was madc smaller the

closcr/
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closer the point of separation to the point of maximum velocity. In
this way two or more estimates of U were obtained for each required
value of 5o, The agreement between these indicated that the final
values of the velocity are probably correct to four significant figures.

It was not possible to determine U' with the same degree of
accuracy. Since each quadratic gives a linear variation of U' over
the range covered, we obtain a series of intersecting straight lines
through which it is possible to trace a curve. Values of U' were read
off this curve, and compared with the actual numerical values of U! given
by the two linear approximations. A series of values of U' with as
smooth a variation as possible was thus obtained.

No particular difficulty was experienced in applying this
procedure to the 10§ thick aerofoils for values of CL less than 1-0.

At CL = 10, where the adverse vclocity gradient is steepest and

separation takes place early, it was less easy to define the peak region
accurately. It was difficult also to obtain a sufficient number of values
of U' round the point of separation. Extra values of U were

therefore determined, so that the velocity curves could be very well
defined in the vieinity of the peak. The results for the 105 thick
aerofoils RAE 102 (CL = 1+0, 1:2) and RAE 10k (¢, = 1:0), and for

the 6% thick acrofoils RAE 102 and RAE 104 (CL = 06, 0:8, 1:0) are
given in Ref. 6 to four places of decimals.

With thesc very closely spaced values it was possible to use
the quadratic approximation corresponding to the thrce values of U
distributed round the peak to give values of Um and S om which should

1

be very acocurate. It was also much easier, of course, to determine U'.

As the boundary-layer develepment was to be calculatcd by an
approximate method it was desirable to obtain some indication as to how
far the results werc significant in the rather sensitive situation when
the position of separation moves gquickly back with deoreasc of CL.

Accordingly, separation gositions were cstimated by the methods of both
Thwaites10 and Stratfordll in the modified forms given by Curle and Skan”.
The values of X corresponding to the valucs of S at separation were

then determined from Table 1 by inverse interpolation.
3. Results

Tables 2 to 8 give the results for the five 10% thick aerofoils
and the two 6% thick aerofoils, arranged in order of decreasing leading-edge
radius. The position of the stagnation point, the maximum velocity and
the position of maximum velecity are given first.

N

The mean is taken of the values of X obtained by the two

methods of Thwaites and Stratford, and the final result is expressed in
terms of the reciprocal of this mean value, which is plotted against CL

in Fig. 1. It will be seen that the points for each aerofoll lie roughly
on a straight line. In order to define the shapes of the curves as thcy

approach the CL axis further calculations were carried out for the

10% thick aerofoils RAE 102 and RAE 103 at C;, = 0'5 and for the 67 thick

acrofoil RAE 102 at CL = 0°¢3., The velocity distributions for these

cases are given in Ref. 6. The calculation for the 10% RAE 102 at

CL = 0¢5 did not give separation, but it indicated that separation

would/



would occur at a value of C, Just arove O°5.  Thwaites' uethod zave
separation for the 10% Tl 103 at GL = 05, with a value of c¢/x of
about 61, but Stratford’s method just railed to give scparation, which
indicates that the critical CL nus t be very close to 0-5, Likewlcc
Tor the 6% RAE 102, it was concluded that the ninimum value of CL to
givc separation would be very close to 0+*3, and probably just below it.

The curves having becn defined for thesc three cases,® the

other four curvec were drawn to conform in shape. It was thus possibiec

to obtain recasonably good estimates of the minisun values o C {or
&8 L

which leading-edge separation would taie place. These values arc given
in Tables 2 to 8 and are plotted in ¥Fig. 2.
FPinally, valucs of Us and U; corresponding to the mean

values of X wers obtained, and these werce uscd to calculate

ol

-
kK = Réi/R = 1:055 Us(—bé Uco) .

=
~ > 2 ~T . . ——y
Salculations by Garner” for the 10 thick aerofoil RAE 102 suggest

that thz cuwve of k against CL hos a minimum at CL ~ 08, and is

rather flat for highcer values of C In order ©to establish this fact,

L]
L

the poiat of separation was determined for this aerofoil at CL = 1.2,

the refined scheme of calculation being usel. From the curves of fMig. 3
it was poszible to estimate the minimun valucs of k with reasonable
acCuUracy . The position of minimun Ik wae more difficult to detcermiac,
however, and the values given in Tables 2 to & are very approximatc.

The results are plotted in Figs. L and 5.

Lo Discussion of Results
The results have been analysed in various wayse. In Tig. 1
the velucs of c/kv havc been ploticd against CI' The volue for any
fes J

intermediate voluc of CI’ or for any other aecrofcil of this family,
4

can be obtained by inter~olation. In particular, there is a limiting

value of CT below which leading-cdge scporation does not talie place,
44

and this is shown, plotted against r/c, Iin Fig. 2. The true limiting

value of CL is a matlter o1 somc uncertainty, as it is not at all

clear that the nosition of soparation will move back continuously as

CL is decreased towards the limit. Tor example, calculations by

both Thwaitcs' method and Stratford's method indicate that in such
circumstanccs scparation would cither occur very ncar the leading cdge
or only far back. This, however, nay well be a property of the
approximate metinods used, which can only be decidcd by several lengthy
exact Intcgrations of the boundary~layer cquations. Accordingly,

the curves in rig. 1 nay well stop before reaching the axis; even if
this is not the casc, it would apwear that there is a maried bending
towards the C. axis as c¢/x decrcascs. For cxample, for the

L
10% RAER 102 scction there ave four points, at €, = 1-2, 1:0, 08, 06,

.

r
lying roughly on a straight line cutting the axis at CL ~ 048, In

»

addition, howevcr, we knos: that scparation Just fails to occur at

Cr/
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*A further discussion will ve given in Section .
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CL ~ 0+ 50, The .curve is drawn, therefore, as a straight linec to
CL = 053, when it bends down rather-sharply to-cut the axis at a
value of CL Just above 0°50; +the curves for the other secctions crec

made to follow a similar pattern. The relative smcothness of the curve
of limiting CL against r/c in Fig. 2 gives one some confidence that
it may be corrcct to *0°01 in CLo We nobte that the smaller the value

of r/c, that is the sharper the nose, the lower the value of C, at
dd

which leading-edge separation occurs, a result which would be expectcd
on physical grounds,

It was shown in Section 3 that the value of R6 at separation
nay be expressed as .

1
k R%,

Réi =

where Lk depends upon the aerofoil and upon CL° In Pige 3 the valucs
of k are plotted against CL for each of the seven aerofoils considered.

In each case it will be scen that the valuc of k drops fairly sharply

to a minimum as CL increascs; it then increases very slowly with a
further incrcase in CL' The minimun values of k and the corresponding
values of CL have been estimated from thesc curves and arc plotted in
Figs. 4 and 5 respectivelye.

his minimum value of Lk dis quite important. As CL increascs

beyond the lower critical value (Fig. 2) leading-cdge separation will occur.
If the value of k dis large cnough the separation bubblce will be short.

As C. incrcascs, however, k deccreases, and if it decrcases sufficiently
the s%ort bubble nay burst. This, of cource, would appear most likely

to happen when k  has reached the minimum value shown in Tig. 4, and,

if" it has not occurred then, a further incrcase in CL should not causc

the bubble to burst. TFor cxample, for the 10/ thick RAE 102 acrofoil,

the curve of k against CL is fairly flat in the range 08 < C; < 1°2,
LS

and the minimum Xk occurs at CL ~ 095, In the experinent cited in

Section 1 it was found that as CL increcascd the short bubble burst

wnen G, ~ G903,

L
It will be noted that the minimum possible valuc of k

incrcascs with r/c; thus, at a given flow Reynolds number R, a long

bubble is less likcly with a blunt-noscd scction than with a sharp-nosed

ONe « In fact, since the curves of Fig. 5 do not cross, the same is

true for an arvitrary fixcd value of CL'
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Tabls 3

RAG 104 Aerofoil Section: %t/ = 0-06
r/c = 0000213k

preseiey

06 ¢ Ok i 02

[@p)

~
)

L

1.0 . O
Stagnation point ¢ s /o =0-02622 .=0-0180k ~0-01065 -0-00561  =0+00227 |

Maximum velocity DU /G 5000 1 he0B1 13-l L 2:322 AebBlk
Point of nax. velocity: s /e, 0100050 , 0-00062 . 0-00077 - 000087 @ 000250 |
x /o: Tawaites . 0-000307 0-000379} 0-000609 0+00130 |
8 : : : '
x /oi Stratford | 0:0003511 0:000431 0-000578  0-00135
Meen x /o . 0°00C329° 0¢000L05 00006435 0200133 |
[mean x_/oi™ C30000 @by BBk 752
U/ for mean x_/o L8225 0 3°91ky ¢ 2:90% 2111,
cU'/U  for mean x /o =450y ~33905  =22l°g ~10%eg
Iz . 0-23 0022 021y 0:2%
Estimoted limiting value of CL for separation = 0<2b.
Minimum value of Ik is 021y at C. = 0°50.



RAE 100+ RAE 101 RARE 102 RALAR 103

O N
00001

0-0002; 0+002108 0-001762
’ ' . 0002058 .

0+0003 .
0+00C
0-0005 :
0+ 0006
00007
0+0008
0+ 0009 .
0+ 001
0:002
0+003
0= 00k
0+005
0+006
0007
00075
0+008
0-009
0-01
0-012
0:0125
0-014
0-016
0018
0-020
0+025
0-05
0-075
0e1

o sy s e o v e

0

© 000482l
~0:007014
- 0-008791
© 0-010389
1 0-011859
0:013265

0-014599
0015252

. 0: 015905

0-017164

£ 0+018409
| 0:020322

0-021412

:O°023171

0-0254.70

0027733
. 0°029964

0035451

t/c =

0]

0-00L4073
0-005936
0-007571

C0:009019%

0°010368

. 0°011669

0012917

10"013531

0014139

+0-015336

0016513

10015821
.0-019391
- 0°021081

0~023306

:0-025505

0-027631

.0°033062
. 0+061803 .
(0-087438 -
L 0°112766 -

B U P UV S

- 0005720
" 0-007256 |

0-013688
|0-014865

[es}
1

Tablc 1

P

Values

of s/

s

O .
0-001009
0-001672

0- 002392
0-002682
0002953

- 0003201

0°003442
0003666
0-003878

0000656

+ 0+009986

0-011256
0-012,.8
0-013090

0-016028
0-018307

0-018870
0-0205.
10°022745

0-024929

10+027039
. 0-032430

0-10

0

0-001607

t/c = 0406

0
0- 000976
0-001557
0-0019220
0-002231

' 0-002503

0-002757
0+002994

. 0-003218

0003733

. 0°005529

0-007031
0- 008414
0-009710
0-010957
0-012176
0-012773

' 0:013370
0014530

0-015686
0-017946
0-013500
0:020166
0°022356

002452

00206673
0-031295

0003429
0-003630
0-005332
0-006553

©0-008219

0009500
0-010711

10:011939
| 0:012535

0-013121
0014273
0015419
0-017664
0-018219
0-019871
0-022051
0-024208

0026350

0°031654

RAE 10, RAE 102" RAE 104

0
0-000636

" 0-001013 -
0-001265 .

0001480
0:001672
0-001853

£ 0:002023
£0-002187
0-002343

0-002494
0003860
0-005080
0-0u6245
0°007369
0-003L77
0-009562
0-010102
0-010639

0-011708

0-012768
0-014873
0:015396
0-0169561
0:019037

- 0-02110L

0023163
0-02829L

0
" 0-000630
C+ 000951
0:001183
0° 001366
0-001568
0°001740
© 02001903
0002060
0-002210
000255k
0-003677
0+00LBE9
0-00601L
0007122
0-003216
0+009291
- 0+C09826
0-010360
0-011417
0-012472
0+ 014564
0-015083
0016640
| 0°013706
0-020765
- 0-022016
0:027927

Tablc %/



RAE 100 Aerofoil Section: t/c = 0:10
r/c = 0-01098
CI 1.0 0-3 06
Stagnation point s t/c -0: 03016 -0 02106 =00 O1LLG
Maximun velocity : Um/" G 20600 20201 18l
Point of max. vclocity: sm/c . 0°00L91 0200769 0°01079
x /c i Thwaltes 0+ 00692 0- 01260
x /¢ @ Stratford 000742 0-0133)
Nean x_/c 0: 00717 0-01297
[mean x_/c]™* 139 77
US/U for mean XS/G 21,19 2:016
B co
cUé/U for mean xs/c -2+ GO ~1400
k 0 5% 057
Estimated liaiting value of CL for separation = 0-67,
Minimum value of k dis O 51y al CL = 1-05,

Table 3/



RAE 101 Aerofoil Section:

°r

Stagnation poiﬁ%ﬂi

Maximum velocity

Point of max. velocity:

e

xs/b: Thwaites
xs/b: Stratford
Mean xs/b

[mean xs/c]'1

U /U for mean xs/b

A Wat1
CDS/LOO

for mean xs/b

J

Estimated limiting value of C

Minimum value of k is

r/c

stt/O .
Um/Uoo

sm/b

L
0 4G

- 10 -

L

Table 3
t/b = 010
= 0007634
1-0 0-8
20402920  -0-02017 -
2° 901 24,22
0- 00216 000416
0-00292 Q+ 00502
0- 00320 0-00537
0-00306 0-00519
327 192
2° 746 2256
-52°0 -32:08
0+ 406 0012y
for separation = 0-<5%.
at €. = 10,

0°6
~0+01331

19638
0+00671

0-01271

001386

0-013265
75

1+765
~1267
0° 52

Table L/

1

[N
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RAR 102 herofoil Scciion: t/c = 010
r/c = 0006860
CL te2 10 0-G 0:6 05
Jtagnation point s"ﬁ/v -0:03720 =0:02866 =-0-01930 =0:01297 =0-01018
jaximum velocity Um/U 3537 5014 2+-505 2:02L. 1+ 801
o .
Point of max. velooclty: s /¢ 0:00236  0-00264  0-00399  0-00503 000603
I .
cs/b: Thiaibes 0-00168: 0-00240 0-003950  0-009&6
Ks/b: Stratford 0:00136s  0-00204 . 0-0CL23 001028
fean xs/b 0:00177, C-00202° 0-00,L05;, 0°00997
mean x%/c]"i 56h 397 2.6 1CO
1,/0_ for mean x_/o 30375 2:855 20 3hk 1-826
2UL/U - for mean x /e ~8345  =(1:93 4062 1650
jis O+ 39, 0: 38 Q3% O L5
istimated lirniting value of o Tor separation = 0¢51
Ad
finimum velue of k is 0°38, at CI = (95,
=)

TaQiiuz/



Tabie 5
RAT 103 Aerofoil Section: +%/c = 010
r/e = 0°006329

o 5; - 1~ok o»ar 06 05
rS%agné%één poini. _ ~: Sst)b~~ ad;02860‘ “-O;b1972 ;C°b&é72 i ~0°007956
Maxaimum velocity : Un/ﬁw 5135 2+5303 2-070 10355
Point of max. velocity: sm/b 0-00138 0-00278 0= 00k 1 0-00557
x /c: Thweites O 0:00202  0-00316  0:00722  0-0135
x /c: Stratford 0+ 0217 000343 00076l
lMean xs/o 0-00209, 0003295  0°007L3
[nean xs/b]‘i "77 303 135 x 51
US/Um for mean xs/b nes50 2:415 1-639
cLl/J  for mean xS/o ~7149 ~18+ 0l 2021

k 0 37 Q 37s 045y

Mindwam velue of Xk is 0-306;  at CL = 0950,

Table 6/

e i = e



G

I

Stagnation point

Naxinum velocity Um/U © 3179 2:650
Point of max. velocity: sm/b 0- 00225 0+00310
il
x_/c: Thwaites 0- 00182 0:00236
xs/b: Stratford 0- 00197 0-00308
ifean xs/b 0:00139s  0°00297
[mean x_ /o™ 528 3357

U_/U  for mean Xs/b 3.019 2471

RAE 104 Aerofoil 3ection: t/¢ = O
r/c = 0005927
1-0 0-6

tos /o -0-02838  -0-01956  -0-01252  -0-00735

oU;/UDo for mean xs/b

1
ERW

-1 -

Tadle 6

R

0-00348 0°00632

0+ 00601
0« 00645
0-00623

167

1932

-80°07 =Sk 2604

0235 O- 35

Dstimated limiting value of C for separation = O0-L7.

Minioun value of

k

is

L

035 at CL = 0-85.

0+4Q,

Toble 7/

{
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Table 7

RAE 102 Aerofoil Section: t/c = 0°06
r/c = 0002470

‘L .10 1 08 06 | 04 i 03 | 02

Stagnation point i s_. /o -0-02642 '-0-01318 -0-01037 :-0-00580 | ~0+00387 | -0-0023
Maximum velocity PUU L b7k 3-8K3 0 20967 215k ¢ 19761 | 1428

Point of max. velocity: s /o | 0-00061 | 0-00074 : 0-00096 | 0 00102} 0-00198 | 0-0031¢

s wtn e vt s o wrm wems w4 e aawiek sk o e« ek mn e w me o e 4 e o ———ats & 5 = e . o e m e SOV O SUQ U UU VO ey T ——

x /o: Thwaites | 0°000365 | 0000495~ 0-000809 000205 | %0+ 010k
x /ot Stratford | 0°000L16 | 0-000556 | 00003 0-00213 |
tean x /o . 0-0003905 0-0005255 0-000843s5 0+00211s’

[mean x_/o]* 2561, 1903 : 179 473 m 96

o aimn - e w e e e w - - wewen VU S - e ima n mwdee % emema e s % s e e s m e s e 20 e ¢ A

US/Uoo for mean XS/C Lo 54 0s 3°67hs 2°815 1977
CU;/UCO for mean XS/C —355'40 §—265°53 ""17@'35 ;"72'6
K 025, 02 0022, 02l

Estimated limiting value of C. for separalion = 0°2%.

L

Minimum value of k is 0°22, at CL = 055

Table &/



-15 -

Tabls 3

RAG 104 Aerofoil Section: %t/ = 0-06
r/c = 0000213k

preseiey

06 ¢ Ok i 02

[@p)

~
)

L

1.0 . O
Stagnation point ¢ s /o =0-02622 .=0-0180k ~0-01065 -0-00561  =0+00227 |

Maximum velocity DU /G 5000 1 he0B1 13-l L 2:322 AebBlk
Point of nax. velocity: s /e, 0100050 , 0-00062 . 0-00077 - 000087 @ 000250 |
x /o: Tawaites . 0-000307 0-000379} 0-000609 0+00130 |
8 : : : '
x /oi Stratford | 0:0003511 0:000431 0-000578  0-00135
Meen x /o . 0°00C329° 0¢000L05 00006435 0200133 |
[mean x_/oi™ C30000 @by BBk 752
U/ for mean x_/o L8225 0 3°91ky ¢ 2:90% 2111,
cU'/U  for mean x /o =450y ~33905  =22l°g ~10%eg
Iz . 0-23 0022 021y 0:2%
Estimoted limiting value of CL for separation = 0<2b.
Minimum value of Ik is 021y at C. = 0°50.
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Values of & at separation.
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0-2

0-!

I. 6% 104

2 6% 102

3. 10% 104

4, 10% 103
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6. 10% 10!

7. 10% 100
I 1 1 I | o
0-4 06 0-8 I-0 112 C

Variation of

k _with C_
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Fic. 4.
k
A
05
0-4 |-
o
031 Xx°
ol ®
s'O 0/-/
< 102
02 103
01}
0 | 1 | L | 1 -
0 0:002  0-004 0-006 0008 0000  00i2 e
Minimum values of k.
Fic.5
CL A
-0
102
X
104 x (2
P
05| /-lolé,o
©'o
0 1 I ] 1 1 | - ,./
0 0:002 0:004 0:006 0-008 0-010 0012 ~ '/C

Values of C,_ for minimum k
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